Introduction

28
Magnetic reconnection in the terrestrial magnetosphere has been a topic of interest for 29 several decades and is the fundamental driving process in the classical Dungey cycle picture 30 of energy transport in the magnetosphere [Dungey, 1961] . In the quasi-steady state Dungey into substorms, commonly known as pseudo-breakups [Akasofu, 1964] . We also know that re- ways been on small data samples.
74
In this study we perform a comprehensive investigation of the relationship between re-75 connection events in the magnetotail, detected using an automated signature detection routine,
76
and auroral enhancements observed in whole auroral oval images. We consider the relation-
77
ship for different auroral enhancement characteristics, enhancements occurring during differ-78 ent substorm phases, and different in situ and solar wind plasma and magnetic field conditions.
79
We find that reconnection is almost always associated with a discernible auroral enhancement it is only this spacecraft that is used in this study.
134
In this study, all magnetospheric spacecraft data are presented using the Geocentric So- 
153
As a result, the chances of a spacecraft (or even multiple spacecraft) passing through this re-154 gion can be quite slim. However, by identifying several key reconnection signatures, it becomes 155 increasingly likely that evidence of magnetic reconnection having occurred can instead be found.
156
Nagai et al. [1998] determined that the following criteria produced accurate reconnection sig- ity of hot ions, we are forced to use the hot ion velocity rather than the proton velocity data 167 from that spacecraft.
168
A plasma beta (i.e. the ratio of the plasma pressure to the magnetic pressure) β > 1
169
(criterion 3) indicates that the spacecraft is located within the plasma sheet. This criterion en-
170
sures that we only detect signatures of reconnection that have taken place in the plasma sheet,
171
rather than other fast flow events occurring elsewhere in the magnetotail that are not the re-172 sult of reconnection.
173
We determine the location, in magnetic local time (MLT), of the reconnection signature 174 using the location of the detecting spacecraft in the magnetotail (e.g tan nection events and thus a maximum difference of ±5 mins seems reasonable.
193
In the following, we categorize the auroral enhancements based on their features (i.e.
194
spatial and temporal extent) and timing with respect to the substorm process. We utilize the are observed, and some in which significant auroral activity is already present, e.g. a substorm 210 expansion already in progress, in which it is not possible to identify a discrete enhancement.
211
-5- sified as "isolated enhancements".
218
The universal and magnetic local times of the associated enhancements are determined.
219
The UT value is simply the timestamp of the first image in which the enhancement is clearly ground level of 1000 counts has been subtracted and the image is saturated at 6000 counts.
229
The associated solar wind data and in-situ plasma and magnetic field data from the Cluster- 
236
The FTFE first detected is followed by two subsequent FTFEs. These two events are ex-
237
cluded from further analysis since they occur within 30 mins of the first. We note that the ma- 
Results
253
As shown in Figure 3 , the magnetospheric spacecraft detected 382 FTFEs during the pe-254 riod coinciding with the availability of auroral images (i.e. January 1997 to November 2005).
255
The vast majority of FTFEs were detected by the Geotail spacecraft, which is unsurprising ow-
256
ing to its orbital configuration and it being operational throughout this whole time period.
257
The mean MLT for the FTFE detections is 23.8 hours, with the largest bin spanning 2400-260 0100. This is slightly later than previous studies suggest [e.g., Nagai et al., 1998], however,
261
Geotail's orbit post-1999 preferentially samples the dawnside magnetotail [Nagai et al., 2015] 262 and thus later MLT detections are more likely.
263
Corresponding good quality auroral imaging data were available for 59 of the 382 FT- The most common enhancement type detected (see subsection 3.2 for definitions) is "short-
294
lived localized enhancement" (60%), followed by "substorm onset" (30%), and "several dis-295 tinct localized enhancements" (9%). We find that the short-lived localized enhancements have 
298
Shown in the right panel of Figure 5 are the data colored by the type of auroral activ-299 ity associated with the enhancement (see subsection 3.2 for definitions). The most commonly 300 associated aurora activity type is "isolated enhancement" (49%), followed by substorm "on-
301
set" (30%), substorm "growth phase" (12%), and substorm "expansion and recovery phase" 302 (9%). In the left two panels, the median value of the local condition for a 10 min period, im-310 mediately preceding the FTFE detection is used; in the right two panels, the maximum or min-311 imum (whichever has the greater absolute value) in that 10 min period is used. Since the space- still providing enough data to average (10 points at one minute cadence).
315
There appears to be no significant dependence upon the location of the FTFE detection 
Upstream Conditions
325
In the top two panels of Figure 7 , the data are colored by the polarity of the upstream equates to approximately 10R E . We note, however, that the reconnection region itself is es-364 timated to span approximately 6R E and thus, a ≤90 min MLT difference is not particularly 365 unexpected. We also note that aberration effects, i.e. due to the motion of the Earth, would 366 be relatively minor and might be responsible for a disparity of only ∼20 mins in MLT.
367
The number of events compared in this study is relatively small, with good quality au- fer from lack of reliability in capturing the aurora (e.g. due to orbital configuration or cloud 373 cover) or offer only limited spatial coverage of the oval.
374
Significantly more good quality auroral images were available for use, however they did 375 not coincide with an FTFE detection. This is not to say that enhancements in the aurora were 376 not present or that reconnection did not occur during those intervals. Rather, it is simply that 377 the magnetospheric spacecraft employed did not detect the signature of such reconnection. The 378 most likely reason for this is that the spacecraft were not in the right place at the right time.
379
Again, unfortunately, there is nothing that can be done to improve on this.
380
Of the 59 intervals in which an FTFE was detected and suitable auroral images were avail-381 able, 56 showed corresponding enhancements in the aurora. However, in 13 of those cases, with the FTFE, i.e. by tracing the substorm activity back to its onset, and this may result in 386 the inclusion of these other 13 events.
387
It might be expected that the FTFE should be detected before the auroral enhancement, 388 since it will take some finite time for the energized magnetospheric particles originally trapped 389 on the now reconnected field to generate the aurora. However, as shown in Figure 4 , the UT 390 difference between the FTFE detections and the aurora enhancements was centred around the 391 0.5-1.5 min bin, with the majority of FTFEs being detected slightly after the enhancement was 392 visible in the aurora. This is consistent with the work of Ieda et al. [2001] who suggest that 393 the result is simply due to the distance between the site of reconnection and the spacecraft (which 394 they estimate to be, on average, around 7R E for their dataset). If the spacecraft is indeed sev-
395
eral R E downtail of the reconnection region, several minutes may pass before the FTFE is de-396 tected, in which time the auroral brightening may have formed.
397
We also note that there is some ambiguity in the timings of both the reconnection and of the auroral enhancement in the events studied.
458
The most common type of enhancement found in this study was "short lived localized the Polar image analysis code which was adapted and used in this study.
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